
BIOCHIMICA ET BIOPHYSICA ACTA 

BBA 65664 

CUCURBITACIN B z]23-REDUCTASE FROM C U C U R B I T A  M A X I M A  

I. ASSAY METHODS, ISOLATION AND PURIFICATION ~ 

33 

J. c .  SCHABORT** ,  D. J.  J.  P O T G I E T E R  AND V. D E  V I L L I E R S  

Department of Biochemistry, Faculty of Agriculture, University of Pretoria, Pretoria (South Africa) 

(Received May  23rd, 1967) 

SUMMARY 

I. Spectrophotometric and chromatographic assay methods were developed 
for cucurbitacin B A~3-reductase (NAD(P)H:cucurbitacin B A*~-oxidoreductase). 
One spectrophotometric method is based on the decrease in absorbance at 34 ° m/~ 
in the presence of NADPH or NADH as electron donor while another method is 
based on the decrease in absorbance at 228 m# as a result of the reduction of the 
A~3-bond in the side chain of cucurbitacin B. 

2. The opt imum pH of the enzyme was 6.65. 
3. Final proof was obtained for the reduction of the A~3-bond in the side chain 

of cucurbitacin B. 
4. Cucurbitacin B A*3-reductase was isolated from 7.1 kg of immature Green 

Hubbard  fruits by  extraction, centrifugation, alcohol fractionation, heat precipita- 
tion, pH precipitation, DEAE-cellulose chromatography and Sephadex G-75 gel 
filtration. The yield was 24 mg and the final enrichment 142. 4. 

5 -The  results of paper electrophoresis and ultracentrifugation indicated a 
homogeneous preparation with a sedimentation coefficient of 2.96 S. 

6. Due to the fact that  this enzyme falls in the class of the oxidoreductases 
with NADPH and NADH as the electron donors, it is proposed that  the enzyme 
should be called NAD(P)H:cucurbitacin B A23-oxidoreductase and it would be 
classifiable under the number EC 1.6.99. 

INTRODUCTION 

Cucurbitacin B A2~-reductase (NAD(P)H: cucurbitacin B _/]23-oxidoreductase) 
is one of the enzymes involved in the breakdown pathway of toxic I bitter principles, 
the cucurbitacins, in plants. I t  catalyses one of the most important  reactions in this 

* T a k e n  in pa r t  f r om a thes is  s u b m i t t e d  by  J. C. SCHABORT to t he  F a c u l t y  o f  Agr icu l tu re  
of  t he  Un ive r s i t y  of  Pretor ia ,  in par t i a l  fu l f i lment  of  t he  r equ i r emen t s  of  t he  M.Sc. (Agric.) degree. 

"" P r e s e n t  address :  Na t iona l  Nu t r i t i on  Resea rch  Ins t i tu te ,  Council  for Scientific and  
I n d u s t r i a l  Research ,  Pretor ia ,  Sou th  Africa. 
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pathway, viz. the reduction of the A23-bond in the side chain of cucurbitacin B and 
possibly seven other cucurbitacins. These bitter principles occur in a wide variety 
of plants, and as a result of their toxicity 1 to man and animals, considerable import- 
ance is attached to studies of their chemistry and biochemistry. The cucurbitacin B 
A23-reduetase enzyme is of biochemical importance since its action is related to that 
of the side-chain reductases such as lanosterol reductase and desmosterol reductase 
which play an important role in the biosynthesis of cholesterol and some steroid 
hormones 2--6. 

The final evidence and conclusions concerning the constitutional and stereo- 
chemical formulae of cucurbitacins A, B, C, D, E, F, I. J, K, and L were published 
recently by ENSLIX and co-workers 7-n. The structural interrelationship of the 
different bitter principles are, therefore, well established. The structure of cucurbita- 
cin B is given in Fig. I. 

@~'~23 0,, 

Fig. i. Structure of cucurbitacin B. 

Cucurbitacins B and E are the primary bitter principles formed in plants of 
the Cucurbitaceae family. The other bitter principles are most probably derivatives 
of cucurbitacins B and E produced as a result of metabolic processes which only 
take place during later stages of development12,13. 

It  is postulated that the breakdown of cucurbitacins in plants starts with the 
deacetylation of the primary cucurbitacins by an acetyl-esterase enzymeT, 14. This 
reaction is followed by enzymic reactions involving hydrogenation, dehydrogenation, 
hydroxylation, isomerisation as well as other unknown conversions. These reactions 
also occur in vitro during incubation of mixtures containing bitter principles and the 
juice of the fruits of the Cucurbita maxima species 15. The products after incubation 
were detected by paper chromatography (refs. 12, 16 and 17; S. REAM, personal 
communication). 

The fact that the 23,24-dihydrocucurbitacins were found to be better sub- 
strates for breakdown reactions in vitro than their precursor cucurbitacins with an 
unreduced side chain 12, underlines the important role of the cucurbitacin A23-reduc- 
tases in the breakdown pathway. 

The purification of a reductase responsible for tile reduction of the z123-bond 
in the side chain of tetracyclic triterpenes has not yet been reported. Previous work 
on the cucurbitacin B A 23-reductase enzyme by TEIJEMA 12, yielded misleading results 
because reliable assay methods were not available. It was therefore decided to 
develop reliable assay methods for the reductase enzyme before attempting its 
purification. 
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MATERIALS AND METHODS 

Materials 
N A D P H  a n d  N A D H  were  o b t a i n e d  f r o m  B o e h r i n g e r ,  M a n n h e i m ,  G e r m a n y .  

C u c u r b i t a c i n  B a n d  2 3 , 2 4 - d i h y d r o c u c u r b i t a c i n  B were  k i n d l y  s u p p l i e d  b y  Dr .  P.  R.  

ENSLII~ of  t h e  N a t i o n a l  C h e m i c a l  R e s e a r c h  L a b o r a t o r i e s ,  C.S.I.R., P r e t o r i a  a n d  Dr .  

S. REHM of  t h e  H o r t i c u l t u r a l  R e s e a r c h  I n s t i t u t e ,  R o o d e p l a a t ,  P r e t o r i a .  D E A E -  

ce l lu lose  w a s  o b t a i n e d  f r o m  S igma ,  U .S .A.  a n d  S e p h a d e x  G-75 (Med ium)  f r o m  

P h a r m a c i a ,  U p p s a l a ,  Sw eden .  G r e e n  H u b b a r d  f r u i t s  were  o b t a i n e d  f r o m  t h e  local  

m a r k e t  a n d  f r o m  Mr.  R.  STARKE of  Ma le l ane ,  T r a n s v a a l .  All  o t h e r  c h e m i c a l s  were  of  

a n a l y t i c a l  g r a d e  q u a l i t y .  

Assay methods 
A. Spectrophotometric assay at 340 m# 
T h e  e n z y m e  a c t i v i t y  w a s  d e t e r m i n e d  b y  m e a s u r i n g  t h e  r a t e  o f  d e c r e a s e  in 

a b s o r b a n c e  of  a r e a c t i o n  m i x t u r e  c o n t a i n i n g  N A D H  or N A D P H ,  e n z y m e ,  s u b s t r a t e  

a n d  m e t a l  c o - f a c t o r s  a t  340 m # ,  e m p l o y i n g  t h e  ' t i m e  d r i v e  a t t a c h m e n t '  o f  t h e  B e c k -  

m a n  m o d e l  D K 2 A  r a t i o  r e c o r d i n g  s p e c t r o p h o t o m e t e r .  A n  e x a m p l e  o f  t h e  c o m p o s i -  

t i o n  o f  t h e  r e a c t i o n  m i x t u r e s  in  t h e  s a m p l e  a n d  r e f e r ence  cells is g i v e n  ill T a b l e  I. 

TABLE I 

C O M P O S I T I O N  OF T H E  R E A C T I O N  M I X T U R E S  F O R  S P E C T R O P H O T O M E T R I C  A S S A Y  AT 34 ° mtt 

Maleic acid-NaOH buffer was used for the assay of the enzyme at  a pH opt imum of 6.65, because 
the metal  co-factors were precipitated in phosphate buffers. Because of cucurbitacin B's low 
solubility in water, i t  was dissolved in abs. methanol. This solution was added last by iniecting 
it  very quickly with a micro-pipette into the sample cell. No precipitation occurred provided the 
concentrat ion of cucurbitacin B was not  in excess of 4.5 #moles in 0.25 ml of abs. methanol (final 
methanol  conch, in 3.0 ml reaction mixture, 8. 3 %, (v/v)). The NADPH was added just  prior to 
cucurbitacin B. After the addition of cucurbitacin B and mixing, 3 ° sec elapsed before the ab- 
sorbance measurement  was started. In order to obtain a final pH value of 6.65, a maleic acid- 
NaOH buffer of pH 6.55 had to be used. All the measurements were carried out  at  25 ° in the 
constant  temperature  cell holder of the Beckman model DK2A spectrophotometer. 

Components Sample cell Reference cell 
(ml) (ml) 

0.05 M maleic acid-NaOH buffer (pH 6.55) 2.05 x 2.o 5 -- x 
O.Ol 5 M MnC12. Final  Mn 2+ concn, of I mM o.2o o.2o 
Enzyme soln. in o.o 5 M maleic acid-NaOH buffer (pH 5.6) x x 
NADPH (or NADH), o.56/*mole o.5o o.5o 
Cucurbitacin B in abs. methanol,  3.5/*moles o.25 - -  
Abs. methanol - -  o.25 

3.00 3.00 Total volume 

A t  a f ina l  concn ,  o f  8.3 % (v /v)  m e t h a n o l ,  a r e d u c t i o n  o f  5 % in  t h e  t o t a l  a c t i v i t y  
c o m p a r e d  w i t h  t h a t  in  t h e  p r e s e n c e  of  5 % m e t h a n o l ,  w a s  o b s e r v e d .  T h e  a m o u n t  of  

s u b s t r a t e  t h a t  c o u l d  b e  d i s s o l v e d  in  m e t h a n o l  c o n c e n t r a t i o n s  b e l o w  5 %  (v/v)  was  

t oo  low to  a l l ow  a c c u r a t e  a c t i v i t y  m e a s u r e m e n t s  a t  z e r o - o r d e r  k ine t i c s .  A m e t h a n o l  

c o n c e n t r a t i o n  o f  8 . 3 %  (v/v)  w a s  f o u n d  t o  b e  t h e  m o s t  s u i t a b l e .  

One  u n i t  o f  r e d u c t a s e  e n z y m e  w a s  d e f i n e d  as  t h a t  a m o u n t  w h i c h  w o u l d  c a t a -  

lyse  t h e  r e d u c t i o n  of  I / , m o l e  o f  c u c u r b i t a c i n  B or  t h e  o x i d a t i o n  of  I # m o l e  of  N A D P H  
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per  rain at  25 ° and  op t imum react ion condit ions.  In  order  to ensure zero-order  
kinetics,  the  concentra t ion  of enzyme selected had  to be such tha t  the  m a x i m u m  
ac t iv i ty  measurable  at  a cucurbi tac in  B concentra t ion  of  3.5/zmoles in 8 .3% metha-  
nol in the  presence of 0 .56/ ,moles  N A D P H ,  did not  exceed 0.48. lO -5 to 0.58" lO -5 
units.  This ac t iv i ty  range corresponds to a decrease of  0.05 to 0.06 in absorbance  a t  
340 m# in 5 min. 

The / ,moles of N A D P H  oxidized and thus  ,umoles cucurbi tac in  B reduced 
dur ing the  react ion were ca lcula ted  from the molar  absorbance  coefficient of N A D P H  
at  34 ° m#  which is given as 6.22 .lO 6 cm 2 .mole -1 b y  HORECKER AND KORNBERG is. 
The veloci ty  of the  react ion in M. sec -1 was also determined.  

Blanks  wi thout  enzyme showed no ac t iv i ty .  Blanks  wi thout  meta l  co-factors  
were comple te ly  inact ive  except  when crude enzyme prepara t ions ,  which were not  
d ia lysed  or t r ea ted  with  EDTA,  were used. When  23,24-dihydrocucurbi tac in  B was 
used as subst ra te ,  negligible ac t iv i ty  was recorded in comparison with  cucurbi tac in  B. 
This fact  demons t r a t ed  very  clearly t ha t  i t  was the  A2a-bond which had  undergone 
reduct ion.  

The reductase  ac t iv i ty  ob ta ined  in the presence of An t imyc in  A or under  
anaerobic  condit ions in a N 2 a tmosphere ,  d id  not  differ from tha t  ob ta ined  under  
aerobic condit ions.  

This me thod  was used almost  exclusively dur ing the isolation,  charac te r iza t ion  
and other  studies 19 of the  enzyme because of i ts  accuracy  and sensi t ivi ty .  

B. Spectrophotometric assay at 228 m# 
The ul t raviole t  absorpt ion  spec t rum of  cucurbi tacin  B in methanol  shows an 

absorpt ion  m a x i m u m  at 228 m# as a result  of  the  a , /3-unsaturated ketone grouping 
in the  side chain. The molar  absorbance  coefficient of B at  228 m# is 1.15 • IO a cm *. 
mole -1 (see refs. 20, 21). 2 ,3-Dihydrocucurbi tac in  B has no absorpt ion  m a x i m u m  at  
228 m#. Consequently,  the  ra te  of reduct ion of  cucurbi tac in  B (i.e. the  reductase  
act ivi ty)  can be de te rmined  very  accura te ly  b y  measur ing the ra te  of decrease in 
absorbance  at  228 m#, and  calculat ing the  amount  of  conversion from the molar  
absorbance  index of cucurbi tac in  B at  228 m/,. 

The most  impor t an t  appl ica t ion  of this  me thod  was to the  unequivocal  de- 
mons t ra t ion  of the  reduct ion of  the  A2a-bond in the  side chain of  cucurbi tac in  B. 
The reduct ion of the  double  bond  in the  side chain is the  only t rans format ion  which 
can cause a decrease in absorbance  at  228 m/,. I f  any  of  the  o ther  possible enzymic  
t ransformat ions  of cucurbi tac in  B had  t aken  place, viz. cucurbi tac in  B -+ D, B -+  C, 
B -+ A and B -+ E, no decrease in absorbance  at  228 m# would have occurred, since 
all of these produc ts  stil l  have a a, f l -unsa tura ted  ke tone  grouping in the  side chain.  

The molar  absorbance  coefficient of cucurbi tac in  B at  228 m/, is much  lower 
t han  t ha t  of N A D P H  or N A D H  at  34 ° m/,. I t  was therefore necessary to  employ  a 
much  higher  enzyme concent ra t ion  as well as considerably  longer react ion t imes  to  
ob ta in  a decrease in absorbance  at  228 m# of the  same order  of magni tude  as t ha t  
ob ta ined  in IO rain when the oxida t ion  of N A D P H  was used as cri terion.  Thus, in the  
use of the  spec t rophotomet r ic  me thod  at  228 m/*, compared  wi th  t ha t  a t  34 ° m/z, 
under  the  same react ion condit ions regarding meta l  co-factors and  pH,  the  concen- 
t r a t ion  of  the  enzyme should be increased 5 told and the  t ime of  incubat ion  from 
IO min to IO to 48 h. The theoret ica l  decrease in absorbance  which could be expec ted  
under  these condit ions was ca lcula ted  from the  react ion ve loc i ty  ob ta ined  with  the  
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TABLE II 

CALCULATED DECREASE IN ABSORBANCE AT 228 m#* AS A RESULT OF CONVERSION OF CUCURBITACIN B 

TO 23,24-DIHYDROCUCURBITACIN B 

Incubation Calculated 
time (h) decrease in 

absorbance 

i o  0.056 
24 o.14 
48 0.28 

spectrophotometric method at 34 ° m/z. The calculated values are given in Table I I .  
The composition of an incubation mixture for the spectrophotometric assay 

method at 228 m# is given in Table I II .  This experiment was carried out at pH 7.5 
with Zn ~+ as metal co-factor. 

In order to correct for chloroform-soluble substances which might show ab- 
sorption in the 228-m# region, a blank determination was performed on a reaction 
mixture similar to that given in Table I II ,  except that cucurbitacin B was replaced 
with abs. methanol. The blank value thus obtained was subtracted from the value 
for the complete reaction to yield a corrected reaction value. This value was sub- 
tracted from the true blank value in order to obtain a final corrected value for the 
decrease in absorbance at 228 m# due to the reduction of the AZ3-bond in the side 
chain of cucurbitacin B. The true blank value can be defined as the blank determina- 
tion when no enzyme was included in the incubation mixture. The composition of 
the true blank value reaction mixture is similar to that given in Table I I I  except that 
the enzyme solution was replaced with 0.05 M Tris-HC1 buffer (pH 7-5). This blank 
showed no decrease in absorbance at 228 m# after an incubation time of as much 
as 50 h. The calculation of the final corrected decrease in absorbance at 228 m# is 
summarized in the following relationship: Final corrected decrease in absorbance at 

T A B L E  I I I  

COMPOSITION OF AN INCUBATION MIXTURE FOR SPECTROPHOTOMETRIC ASSAY AT 228 m/* 

Af te r  i ncuba t i on  a t  3 o°, cucu rb i t ac in  B was e x t r a c t e d  q u a n t i t a t i v e l y  f rom the  i ncuba t ion  mix-  
tu re  wi th  th ree  Io-ml  por t ions  of chloroform. The combined  chloroform e x t r a c t s  were evapo ra t ed  
to  d ryness  in  a c o n s t a n t  t e m p e r a t u r e  w a t e r b a t h  a t  8o °, The res idue was d isso lved  in 6 ml  of 
abso lu te  m e t h a n o l  and  the  concen t r a t i on  of  cucu rb i t ac in  B was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  
a t  228 m/~ on a 3-ml por t ion  of the  m e t h a n o l  so lu t ion  aga i n s t  an  abso lu te  m e t h a n o l  reference in 
a B e c k m a n  mode l  D K z A  ra t io  record ing  spec t ropho tomete r .  The chloroform and  the  m e t h a n o l  
were d is t i l l ed  before use in order  to  r emove  impur i t i e s  which  absorbed  a t  228 m/,. 

Component added Quantity 
(mO 

O.IO M Tris-HC1 buffer (pH 7-5) 1.175 
Zinc ace ta te ,  f inal concn, i mM 0.30 
N A D P H ,  2.5/zmoles  i .oo  
E n z y m e  soln. in o.o 5 M Tris-HC1 buffer (pH 7.5) 2.5 ° 
Cucurb i t ac in  B in  abs. me thano l ,  0.35/*mole o.o25 

To ta l  vo lume  5.000 
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228 m# = true b lank  value - -  (value for complete  react ion - -  b lank  value) - -  t rue  
b lank  value - -  corrected react ion value. 

De te rmina t ions  of reductase  ac t iv i ty  wi th  this  assay  me thod  were also per- 
formed at  p H  6.65 in maleic a c i d - N a O H  buffer at  3 °o wi th  Mn 2+ as the  me ta l  co- 
factor.  A much lower enzyme concentra t ion  was necessary compared  with  the  pH-  
7.5 de te rmina t ions  since Mn ~+ was a much be t t e r  meta l  co-factor  a t  p H  6.65 than  
Zn 2+. A d i sadvan tage  of the  de te rmina t ions  at  p H  6.65 was t ha t  maleic acid was 
ex t r ac t ed  in chloroform and caused high b lank  values as a result  of  the  s t rong ab-  
sorpt ion ot this  acid in the  25o-m# region. The use of An t imyc in  A and anaerobic  
condit ions had  no advan tage  over  aerobic condit ions.  

C. Paper and thin-layer chromatographic assay methods 
The chromatographic  methods  22 are useful when some rough measure  of 

ac t iv i ty  is desired and in detec t ing  side reactions.  
The incubat ion  mixtures  as well as the  ex t rac t ion  procedures  were s imilar  to 

those described above  except  t ha t  a much higher  concent ra t ion  of cucurbi tac in  B 
was used (1.2 to 1.6 rag). Abou t  400 to 800/ ,g  of the  ex t r ac t ed  mate r ia l  was spo t t ed  
on W h a t m a n  No. I chromatograph ic  paper  or cellulose chromatopla tes .  Develop-  
ment  and  de tec t ion  were performed as descr ibed elsewhere °"2. 

Paper electrophoretic studies 
High- and low-voltage paper  electrophoresis  were employed  to gain more in- 

format ion  about  the  isoelectric points  of the  var ious  prote ins  in the  solut ion ob ta ined  
in purif icat ion s tep 4 and also as a measure  of homogene i ty  of the  p repa ra t ion  ob- 
t a ined  in the  final purif icat ion step. 

Procion Blue R.S. was used as a s ta ining reagent  on the paper  e lec t rophoreto-  
g rams  ~a. 

Ultracentrifugal studies 
The homogene i ty  of  the  purified reductase  enzyme p repa ra t ion  was invest i -  

ga ted  in a Spinco model  E ul t racentr i fuge.  The sed imenta t ion  coefficient was deter-  
mined  b y  the sed imenta t ion-ve loc i ty  me thod  24. A pla in-window single-sector ana-  
ly t ica l  cell was used in conjunct ion  with  the  u l t rav io le t  and  Schlieren opt ical  systems.  

Determination of protein concentration 
Prote in  concent ra t ion  in eluates ob ta ined  af ter  DEAE-cel lu lose  and Sephadex 

G-75 ch roma tog raphy  were de te rmined  spec t ropho tomet r i ca l ly  at  280 m/~. The ni- 
t rogen content  was de te rmined  af ter  each purif icat ion step b y  the mic ro-Kje ldah l  
method .  

Isolation and purification of reductase enzyme 
The enzyme was assayed spec t rophotomet r ica l ly  at  34 ° m/~ as descr ibed above 

at  p H  6.65 in the  presence of I mM MuCL. An a r b i t r a r y  unit  of enzyme ac t iv i ty  was 
defined as the amoun t  of enzyme which will produce a decrease of o .ooi  in absorbance  
at  340 m# in 5 min wi th  the  s t anda rd  assay condit ions.  The specific ac t iv i ty  is ex- 
pressed as the  number  of a rb i t r a ry  units  per  mg of protein.  Due to the  fact  t ha t  the  
enzyme was found to be ve ry  uns table  in the  impure  form, i t  was necessary to ca r ry  
out  the  first purif icat ion steps in as short  a t ime as possible. 
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Extraction Step L The edible part  of fresh, skinned immature Green Hubbard  
fruits (total weight of 71oo g) was homogenized in the presence of 240 ml of 0.05 M 
maleic ac id-NaOH buffer (pH 6.6), containing I mM EDTA, in a Automix blender 
for 30 sec. The homogenate was pressed through 8 layers of cheese cloth and cen- 
trifuged at 600 X g for 5 rain. to yield 2300 ml of supernatant. 

For assay purposes a small portion of the supernatant solution was dialysed 
overnight against 2 1 of 0.05 M maleic acid-NaOH buffer (pH 6.6) at i °, changing the 
buffer twice. 

The supernatant was centrifuged at 44 ooo x g for 30 min in a Spinco model L 
ultracentrifuge to yield a clear brownish-yellow supernatant (2230 ml). The sediment 
was discarded. A small portion of the supernatant was prepared for assay as above. 

Alcohol fractionation. Step2. Precooled ethyl alcohol (44oml), at --20 to 
- -3  o°, was added to the above supernatant solution over a period of 20 min until 
the alcohol concentration was 16.5% (v/v). The resulting precipitate was removed 
by centrifugation at 2000 x g for IO min at - - i o  °. The alcohol concentration of the 
supernatant was adjusted to 50% (v/v) and the precipitate collected as above. A 
third alcohol precipitate was obtained by  the addition of another 1115 ml of pre- 
cooled alcohol to the supernatant.  Immediately after centrifugation, each of the 
three precipitates was suspended in 0.05 M maleic acid-NaOH buffer (pH 6.6), con- 
taining i mM EDTA (20, IiO and 35 ml, respectively) and dialysed overnight against 
2 1 of 0.05 M maleic ac id-NaOH buffer (pH 6.6) changing the buffer solutions twice. 
After dialysis, the suspensions were centrifuged at 20 ooo × g for 20 rain and the 
sediments discarded. The supernatant solution of the 16.5-5o% alcohol precipitate 
(297 ml) contained 93% of the total reductase activity of this step while the other 
two fractions contained only 6%. 

Precipitation with (NH4)2SO 4 yielded unsatisfactory results. Acetone precipi- 
tation gave good results but the total yield of reductase activity was much lower than 
that  obtained by alcohol precipitation. 

Heat precipitation. Step 3. Heat  precipitation was performed on the high- 
activity alcohol precipitate at 5 °0 for 5 min. After the heat t reatment  the enzyme 
solution was immediately cooled in an ice-bath before centrifugation at 20 ooo X g 
for 20 rain. The sediment was discarded and the supernatant solution (288 ml) 
assayed for enzyme activity. 

pH precipitation. Step 4. The pH of the solution obtained in Step 3 was ad- 
justed to 4.7 by  gradual addition of a 5% acetic acid solution (27 ml). The white 
precipitate was immediately removed by  centrifugation at 20 ooo X g for 20 min. 
The supernatant  (316 ml) was decanted and the pH immediately adjusted to 6.6 by  
the addition of 5% NaOH (15 ml). This solution was dialysed overnight against 
2 1 of o.oi M maleic ac id-NaOH buffer (pH 6.6) with two buffer changes to yield 
400 ml of diffusate. The precipitate contained no reductase activity. The diffusate 
was lyophilized for 13 h and the dry white powder thus obtained was dissolved in 
23. 5 ml of 0.05 M maleic ac id-NaOH buffer (pH 6.6). The solution obtained was 
dialysed against I 1 of the same buffer with two buffer changes in 14 h to yield 32 ml 
of diffusate. 

High- and low-voltage paper electrophoresis. The results of paper electrophoresis 
indicated that  the enzyme solution obtained in Step 4 was very heterogeneous. Com- 
ponents with isoelectric points varying from below pH 4.9 to above pH 8.5 were 
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Fig. 2. H igh-vo l t age  paper  e lec t rophore tograms  of  Step 4 enzyme  p repa ra t ion  a t  3 different  p H  
values.  Appl ica t ions  of IOO/~1 of  concen t ra ted  p ro te in  solut ions,  con ta in ing  8.6 m g  protein,  were 
m a d e  to W h a t m a n  No. i paper  prev ious ly  i mpregna t ed  wi th  the  appropr ia te  buffer. The  con-  
cen t ra t ed  solut ions  were ob ta ined  by  lyophi l izat ion.  The  h igh-vo l tage  e x p e r i m e n t s  were pe r fo rmed  
employ ing  a vol tage  g rad ien t  of  137 V / cm at  7-8 mA,  while the  t e m p e r a t u r e  was kep t  c o n s t a n t  
(6°). R u n n i n g  t imes  var ied be tween  2.5 and  3 h. Separa te  r uns  were m a d e  a t  p H  va lues  of  4.9, 6.8 
and  8. 5 in o.oi M acetic a c i d - s o d i u m  acetate ,  maleic a c i d - N a O H  and  Tris-HC1 buffers,  respec- 
t ively.  

Fig. 3. Low-vol tage  paper  e l ec t rophore togram of  Step 4 enzyme  p repa ra t ion  a t  p H  8. 5 and  of  
Step 6 e n z y m e  p repa ra t i on  a t  p H  7.7. After  dialysis  aga ins t  o.oi M maleic a c i d - N a O H  buffer  
(pH 6.6), followed by  lyophi t izat ion and,  finally, dialysis  aga ins t  0.o 5 M Tris-HC1 buffers  of  
p H  8. 5 and  7.7, respect ively,  4.3 m g  pro te in  of  Step 4 and  2.5 m g  of  t h a t  of  Step 6 were appl ied 
to W h a t m a n  No. I paper ,  p rev ious ly  i m p r e g n a t e d  wi th  the  appropr ia t e  buffer. A vo l tage  g rad ien t  
of  9.4 V /cm a t  12-14 m A  was employed  a t  2 °. The  r u n n i n g  t ime  was abou t  17 h. 

found. High-voltage paper electrophoresis yielded four anionic and three cationic 
groups of proteins as illustrated in Fig. 2. 

The electrophoretograms from low-voltage electrophoresis of the Step 4 pre- 
paration as well as the purified enzyme preparation obtained in Step 6 are given in 
Fig. 3 and illustrate the cationic character of the enzyme at pH 7.7. 

DEAE-cellulose chromatography. Step 5. A column of DEAE-cellulose (capacity 
0. 9 mequiv/g) 40 cm × 25 cm, was prepared and equilibrated with i 1 of 0.05 M 
maleic acid-NaOH buffer (pH 6.6). The enzyme preparation from Step 4 (30 ml) was 
applied to the column and, after 600 ml of 0.05 M maleic acid-NaOH buffer (pH 6.6) 
had passed through, a linear increase in molarity to I.O M over 800 ml at pH 6.6 was 
effected with 0.95 M NaC1 in the usual manner. The elution pat tern is illustrated in 
Fig. 4- 

The first protein peak, which was eluted in 0.05 M maleic acid-NaOH buffer 
(pH 6.6), contained 39.6% of the total amount of protein applied to the column and 
all the reductase activity. The second peak contained 50.7% of the total protein but 
no reductase activity. Only 9.7% of the total  protein could not be displaced with 
I.O M buffer. 

The enzyme solution from the first peak was dialysed against o.oi M maleic 
acid-NaOH buffer (pH 6.6) for 17 h, changing the buffer solution twice. The diffusate 
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Fig. 4. Purification of cucurbi tacin B/123-reductase on D EAE-cellulose. The column was developed 
under  a slight positive pressure at  a flow rate  of 35-4 o ml/h. The effluent was collected ill 5-ml 
fractions. Protein concentrat ion was determined spectrophotometr ical ly  at  280 m# against  
o.05 M maleic ac id -NaOH buffer (pH 6.6) in the reference cell of the Beckman model DK-2A spec- 
t rophotometer .  The contents  of tubes  i7 to 35 were combined, since they contained the reductase 
enzyme (115 ml). O - - O ,  A~80 m,; © . . . . .  O, reductase activity,  units/ml.  

Fig. 5. The purification of cucurbitacin B A23-reductase on Sephadex C~-75. The effluent was 
collected in 2. 5 ml fractions. The protein  concentrat ion in the eluate was determined as described 
in the legend to Fig. 4. Fract ions containing more than  18o units  of reductase enzyme per  ml 
were combined i.e. the contents  of tubes  38 to 5 o, having a total  volume of 28 ml. The remaining 
Step 5 solution was fract ionated in a similar manner .  0 - - 0 ,  A280 m#; (D . . . . .  O ,  reductase 
activity, units] ml. 

was concentrated by lyophllization to a volume of IO ml. After the addition of 11. 5 ml 
of 0.05 M maleic ac id-NaOH bu fe r  (pH 6.6), containing o.Io M NaC1, the solution 
was dialysed overnight against the same buffer, changing the buffer solution twice. 
Reductase activity and protein were determined on the diffusate (23.75 ml). 

Sephadex G-75 gel chromatograi)hy. Step 6. A column (115 cm x 1.5 cm) of 
Sephadex G-75 (Medium) was packed in 0.05 M maleic acid-NaOH buffer (pH 6.6) 
containing o.Io M NaC1, under a I meter  head of the same buffer. A portion of the 
enzyme preparation (11.2 ml) obtained in Step 5 was applied to the column and 
development was effected with the same buffer at a flow rate of 4 ml/h. The elution 
pat tern is illustrated in Fig. 5- 

The first peak eluted contained 82.5% of the total protein applied to the 
column and no reductase activity. The reductase enzyme was eluted just after the 

T A B L E  IV 

S U M M A R Y  O F  R E S U L T S  O B T A I N E D  I N  T H E  C O U R S E  O F  T H E  I S O L A T I O N  O F  C U C U R B I T A C I N  B A ~3- 
R E D U C T A S E  

Purification step Total Total Specific Yield Purifi- 
protein enzyme activity (%) cation 
(mg) (units (units factor 

x IO -a) permg 
protein) 

i. Ext rac t ion  i i  19o 456.0 40.8 ioo.o i.o 
44 ooo × g centr ifugat ion 7 219 442.3 61.3 97.0 I ,  5 

2. Alcohol precipitat ion i 379 353.4 256.3 77.5 6.3 
3. Hea t  precipitat ion I 035 342.o 330.5 75.0 8.1 
4. p H  precipitat ion 454 247.2 543.9 54 .2 13.4 
5. DEAE-cellulose 175 148.2 847.6 32.4 20.8 
6. Sephadex G-75 24 139.6 5812.o 30.6 142. 4 
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first peak and the combined enzyme solution (28 ml) contained 13.7% of the total  
protein. 

A final enrichment in reductase activity of 142. 4 was obtained in Step 6 with a 
total yield of 30.6% (Table IV). The total amount of purified enzyme isolated from 
71oo g of Green Hubbard  fruits was 24 mg or 0.00034% of the total starting material. 

Blank 
O.OC 

I~ ~ o 
Time (min) 

Fig. 6. Spec t ropho tomet r i c  a s say  of cu rb i t ac in  B zJ2a-reductase a t  34 ° m/z. The b l a n k  l ine re- 
p resen ts  the  different  b l a n k  de te rmina t ions .  

=_ - 0 . 0  5 
E 
o 

to  

-o.Ic 

RESULTS AND DISCUSSION 

Assay methods 
An example of reductase activity determined at 34 ° m# is illustrated in Fig. 6. 

In this case the calculated activity amounts to o.48" lO .5 units while the reaction 
velocity is 2.68. lO --2 m#M. sec -1. 

The results obtained with the spectrophotometric assay method at 228 m# are 
given in Table V. The observed decreases in absorbance at 228 m/z are in good 

T A B L E  V 

RESULTS OF T H E  S P E C T R O P H O T O M E T R I C  A S S A Y -  METHOD AT 228 m/z 

The resul t s  t a b u l a t e d  below were ob ta ined  in expe r imen t s  per formed a t  pH  7.5 in Tris-HC1 
buffer and  Zn 2+ as me ta l  co-factor,  and  a t  p H  6.65 in maleic  a c i d - N a O H  buffer w i th  Mn 2+ as 
co-factor .  

pH and metal Incuba- 
co-factor tion 

time 
(h) 

Absorbance of cucurbitain B extracted from incubation mixtures 

Complete Blank True Corr. Calc. 
reaction value blank reaction theore- 
value ( B ) value value tical 
(A)  (C) (A -- B) decrease 

at 228 m~* 

Obs. 
decrease 
at 228 ml, 
(C - -  A + B )  

pH 7.5, Zn~+ io  1.43 0.046 1.43 1.384 0.056 0.046 
p H  7.5, Zn2+ 24 1.46 o.12 1.46 1.34 o.14 o.12 
pH 7.5, Zn~+ 48 1.28 o.12 1.48 1.16 0.28 o.32 
pI-I 6.65, Mn 2+ 48 1.14"* o.oo*" 1.44"" 1.14 0.28 0.30 

* Calcula ted  f rom the  reac t ion  ve loc i ty  ob ta ined  wi th  the  34o-m/, me thod  under  the  same 
reaetioi1 condit ions.  

** A va lue  of 1.276 , due to  the  absorbance  a t  228 m#  of the  maleic  acid ex t r ac t ed  f rom the  
incuba t ion  m i x t u r e s  ,was found by  means  of a separa te  d e t e r m i n a t i o n  on a b l a n k  incuba t ion  
m i x t u r e  con ta in ing  maleic  a c i d - N a O H  buffer, Mn 2+ , N A D P H  and  m e t h a n o l  only.  This  va lue  
was sub t r ac t ed  from the  comple te  reac t ion  value,  b l a n k  va lue  and  t rue  b l a n k  va lue  to  ob t a in  
the  correct  va lues  for A, B and C. 
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agreement with the calculated theoretical values. In the chromatographic assay 
methods two spots only, viz. those of cucurbitacin B and 23,24-dihydrocucurbitacin B 
were consistently observed. This finding together with the decrease in absorbance at 
228 m# provided final proof of the reduction of the A23-bond. The 340 m# method is 
undoubtedly the most sensitive, accurate and least troublesome assay method. 

Effect of enzyme comentration on reductase activity 
A linear relationship was found between reaction velocity and enzyme concen- 

tration as illustrated in Fig. 7. 

o 
× 

u 

,~ g 15 1~ 2o  
P r o t e i n  ( rag x lO  3) 

t 
2f / /  t \ 

pH 

Fig. 7. Effect of enzyme concentrat ion on cucurbitacin B •23-reductase activity. 

Fig. 8. Effect of p H  on the activity of cucurbitacin B z128-reductase. Curve A was plot ted f rom 
resul ts  obtained with purified enzyme and Mn ~+ and N A D P H  as co-factors, in the presence of 
maleic ac id -NaOH and Tris HC1 buffers, over a p H  range of 5 to 8. Curve B represents  results  
obta ined with crude enzyme and Zn 2+ and N A D P H  as co-factors, in the presence of acetate and 
Tris-HC1 buffers, over a p H  range of 5 to 9- 

pH optimum 
The plots of reductase reaction velocity vs. pH, from results obtained under 

2 different sets of conditions, are given in Fig. 8. In both cases the pH optimum was 
found to be 6.65 although the shapes of the curves are different. I t  appears as if in 
the presence of Zn 2+, the activity of crude enzyme preparations has a wider pH op- 
timum range than purified enzyme in the presence of Mn 2+. It  should be pointed out 
that a much lower concentration of enzyme was used for Curve A than for Curve B. 

Stability of the enzyme 
Although the enzyme was found to be very unstable in the impure form, the 

purified enzyme was fairly stable at room temperature and it retained activity for at 
least 5 weeks when stored at 0-4 ° in 0.05 M maleic acid-NaOH buffer (pH 6.6), 
containing o.Io M NaC1. The enzyme was found to be relatively heat-stable. No loss of 
activity occurred when the enzyme solution was heated at 5 °0 for 5 min but treat- 
ment at 5 °° for IO rain caused a loss of 30% of the total activity. 

The determination of homogeneity by ultracentrifugation and paper electrophoresis 
The purified enzyme preparation obtained in Step 6, was concentrated by 

lyophilization and dialysed against o.I5 M NaC1 at a pH of approx. 6.5. This solution 
was used to determine the effect of protein concentration on the sedimentation coeffi- 
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cient at 4 different enzyme concentrations viz. 1.243, o.829, o.54o and o.414 mg en- 
zyme per ml. The ultraviolet optical system was employed. One determination 
with Schlieren optics was made at 1.243 mg protein per ml. An illustration of the 
moving boundary as obtained in a sedimentation velocity experiment employing the 
ultraviolet optical system is given in Fig. 9. 

0 - 4 8 12 2 0  
c a  

l 
lg 

Fig. 9. An  i l lus t ra t ion  of  t he  m o v i n g  b o u n d a r y  as ob ta ined  in a s ed imen ta t ion -ve loc i ty  ex- 
pe r imen t  employ ing  t he  u l t rav io le t  optical  sys t em.  A single sector  ana ly t ica l  cell was used a t  
44 77 ° rev . /min .  The  pro te in  concen t r a t ion  was  1.243 mg/ml .  P h o t o g r a p h s  were t a k e n  a t  t i m e  
in te rva ls  of  8 rain. 

Fig. io.  Absorp t ion  d i ag ram t raced  wi th  a Spinco ana ly t ro l  mode l  R i n s t r u m e n t .  This  d i a g r a m  
was ob ta ined  af ter  cen t r i fuga t ion  for 64 mi n  a t  44 77 ° rev . /min .  The  e n z y m e  concen t ra t ion  
was 1.243 mg/ml .  

An example of an absorption diagram traced with the use of a Spinco ana- 
lytrol model R instrument is given in Fig. IO. 

The ultracentrifugal patterns of the Schlieren experiment after different periods 
of centrifugation are given in Fig. I I .  

Due to the limited amount of enzyme available, only one experiment, using 
the Schlieren optical system, could be performed. 
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Fig. I I. Schlieren u l t r acen t r i fuga l  d i a g r a m  of  cucurb i t ac in  ]3 Zl~8-reductase. P h o t o g r a p h s  a, b, c, 
d a n d  e were t a k e n  a t  8, 16, 24, 48 and  56 m i n  of  cent r i fuga t ion ,  af ter  reaching  59 653 rev . /min .  
P ro t e in  concen t r a t i on  was 1.243 mg/ml .  A single sector  ana ly t ica l  cell was used.  Sed imen ta t i on  
was  f rom left  to r ight .  

Fig. 12. The  dependence  of  s~o,w on e n z y m e  concent ra t ion .  

The sedimentation coefficient was found to be independent of enzyme con- 
centration (c in mg/ml) with a final value of 2.96 S (Fig. 12). 

The presence of a single sharp peak in Fig. n as well as the sharpness of the 
boundary illustrated in Fig. io indicated a homogeneous preparation. This was 
confirmed by  the presence of a single component on low voltage electrophoretograms 
of the Step-6 enzyme preparation (Fig. 3). This component had a high electrophoretic 
mobility in the direction of the cathode and it corresponded to a large component 
found on other electrophoretograms of impure preparations. From these results it can 
be concluded that  the isoelectric point of this protein must be higher than 8. 5. 

Classification of enzyme 
Due to the fact that  this enzyme falls in the class of the oxidoreductases with 

NADPH and NADH as electron donors, it is proposed that  the enzyme should be 
called NAD(P)H: cucurbitacin B A23-oxidoreductase, and it would be classifiable 
under the number EC 1.6.99 (see ref. 25). 
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